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made when the current is stopped. In some
applications of electro-magnets it is nec-
essary to make and unmake them in rapid
succession. It is then preferable for the
core to consist of a bundle of iron wires,
rather than of a solid bar.
Electro-magnets have two advantages over
permanent magnets. Their magnetism is
easily controlled by controlling the electric
current used to make them, and they can be
made much stronger than can permanent
magnets.
Electro-magnets are possible because of
the fact that every electric current exerts a
magnetic influence in its neighborhood (see
electro-magnetism). When a wire carry-
ing a current is wound into a coil, the
strength of the magnetic influence about the
whole coil increases in proportion to the
number of turns. An easily magnetized core
placed within the coil increases the magnetic
force still more. The strength of an electro-
magnet is thus increased by the addition of
more turns of wire to its coils and by send-
ing a larger current (more amperes) through
it.'
To predict which end of an electro-magnet
will be the north pole, the following rule may
be employed : Grasp the coil with the right
hand in such a way that the fingers point
in the direction the current is flowing about
the coil (from positive to negative) , and the
outstretched thumb lies along the magnet
The thumb then points to the north pole of
the magnet.
Electro-magnets are important parts of
many oi1 our commonest electrical devices.
They create the magnetic fields of dynamos
and motors, operate electrical bells and tele-
graph sounders, A telephone receiver is
really a combined permanent magnet and
electro-magnet. In iron and steel manufac-
turing plants great magnets, supported on
elevated tracks, are able to pick up and carry
from one part of a building to another masses
of iron weighing several tons. See
ELECTBO-MAGflTETIC THEORY OF
LIGHT, the theory that light is a form of
electro-magnetic radiation similar to the radio
or Hertzian waves which are sent out by
oscillating currents of electricity. The theory
is generally accepted by scientists. Cosmic
rays, X-rays, ultra-violet rays, visible light,
infra-red rays, and radio waves are classified
together and differ only in wave length. The
 different types o£ radiation listed are in order
from the shortest to the longest wave length.
The electro-magnetic theory is one of the
great unifying theories of physics, combining
under one point of view all the different kinds
of radiation and connecting them with the
theory that all matter is made of electricity.
See electricity, subhead The Electron
Theory.
ELEC'TRO-MAG'NETISM, a term that
in its broadest sense denotes the science which
treats of the relation between magnetism and
electricity. In a narrower sense, a magnetic
effect produced by electricity is said to be
electro-magnetic.
The simplest experiment to illustrate this
action is to take an ordinary surveyor's com-
pass, hold just above it a copper wire parallel
to the needle of the compass and then, while
the wire is in this position, let its two ends be
connected with the two poles of an electric
battery. The needle will instantly turn away
from its north and south position and will re-
main deflected as long as the current con-
tinues to pass over it. If the current flows
from south to north, the north end of the
needle is turned to the west; if the current
is in the opposite direction, the needle turns
to the east. This is the easiest test for deter-
mining the direction in which a current is
flowing through a wire; and it is the basis of
the construction of one kind of galvanometer,
the instruments employed for the measure-
ment of currents (see galvanometer). The
current tends to make the needle take a posi-
tion at right angles to the direction of the cur-
rent ', but as the earth tends to make the needle
point north and south, the position actually
taken is between the two. The fact that a
current deflects a needle was discovered by
Oersted of Copenhagen, in 1819.
When a magnet is moved in the neighbor-
hood of a wire or other conductor, the mo-
tion induces a current of electricity in the
conductor; and a similar effect occurs if the
-wire is moved while the magnet remains at
rest. In the experiment above described, of
making a magnetic needle turn on its pivot
by sending a current through a wire held
above it, the motion of the needle produces
for the time being a weakening of the cur-
rent. If the needle were made by mechanical
means to turn the contrary way, it would
strengthen the current for the time being.
If there were no original current, the turning
of the needle to either side by mechanical

